Introduction
As the indication of catheter ablation of atrial fibrillation (AF) expanded from a paroxysmal form to long-standing persistent AF, an ablation strategy for AF in the atrium to modify the AF substrate has been developed. [1] [2] [3] The diagnosis of atrial tachycardia (AT), following catheter ablation of persistent AF, could be challenging in some patients owing to extensive prior atrial ablation lesions. Among ATs related to AF ablation, macroreentrant AT circulating the mitral annulus is the most common tachycardia in patients who have undergone catheter ablation of AF. 4 Perimitral AT (PMAT) is generally diagnosed by activation mapping and entrainment analysis. PMAT presents 1 direction of activation sequence on the coronary sinus (CS), indicating propagation of the left atrial posterior wall. In the anterior aspect of the left atrium (LA), the vice-versa direction of the CS should be observed in PMAT. Thus, PMAT can be excluded from the diagnosis in patients with the same activation direction between the CS and anterior LA. However, ATs occurring in patients with prior LA ablation might be complex and require detailed mapping in the diagnosis and treatment of tachycardia. We herein describe the PMAT case with the CS activation sequence opposite the atrial activation direction.
Case report
A 67-year-old man with a history of persistent AF underwent initial catheter ablation, which consisted of isolation of the pulmonary vein (PV), roof-line ablation between the left and right superior PVs, mitral isthmus ablation between the left inferior PV and mitral annulus, CS ablation including the endocardial aspect, and cavotricuspid isthmus ablation. Repeat ablation was conducted to treat the AF and AT, which developed 1 year after the initial AF ablation. During the repeat procedure, isolation of the reconnected PVs (the left and right superior PVs) was performed. The AT was diagnosed as macroreentrant AT circulating around the mitral annulus in a counterclockwise direction. Subsequent radiofrequency application on the mitral isthmus line terminated the PMAT. Although stable sinus rhythm was obtained for 2 years without antiarrhythmic drug treatment, AT repeatedly and persistently developed. After informed consent was obtained, an electrophysiological study and catheter ablation were performed to treat the AT.
A 20-polar 2-site (10-polar for the right atrium and 10-polar for the CS) mapping catheter (Abbott, Chicago, IL) was positioned in the CS. An open-irrigated 3.5-mm-tip ablation catheter (FlexAbility, Abbott) and a steerable double circular 20-polar mapping catheter (Inquiry AFocus II, Abbott) were inserted into the LA to identify the AT mechanism.
KEY TEACHING POINTS
Complex atrial tachycardia could be developed in patients with history of extensive catheter ablation for atrial fibrillation.
Although the mechanism of tachycardia is commonly evaluated by use of high-density mapping system and entrainment analysis, inconsistent results of electrophysiological evaluations might be observed in some patients owing to prior extensive ablation of atrial fibrillation.
In the present case, the activation sequence of the coronary sinus was not consistent with that in the posterior wall of the left atrium because of prior ablation of the coronary sinus. It is important to recognize and verify the prior ablation lesion set in patients with atrial tachycardia who underwent catheter ablation.
Both the surface and bipolar endocardial electrograms were continuously monitored and recorded for offline analysis (Bard Electrophysiology, Boston Scientific, Natick, MA). The intracardiac electrogram was filtered from 30 to 500 Hz and then measured at a sweep speed of 100 mm/s. Regular tachycardia was sustained at the beginning of the ablation procedure with 210 ms of tachycardia cycle length ( Figure 1A ). Recurrence of PMAT was suspected because the CS catheter demonstrated 1 propagative direction from septal to distal ( Figure 1B) . Brief mapping using an ablation catheter on the anterior LA revealed a septal-to-lateral propagation pattern as the CS activation sequence. The entrainment analysis in the anterior LA demonstrated that the postpacing interval (PPI) was equal to the tachycardia cycle length (Figure 2A ). In contrast, the PPI was not consistent with the tachycardia cycle length at the 2 sites within the CS ( Figure 2B and C). Thus, PMAT was possibly excluded by the entrainment analysis in these 3 sites, and high-density mapping of the LA was subsequently performed using a steerable double circular 20-polar mapping catheter (Inquiry AFocus II catheter, Abbott). Interestingly, the high-density mapping of the atrium diagnosed the AT as PMAT with a clockwise direction, which was in an opposite direction to the CS (Figure 3 ). In addition, entrainment analysis at the posterior LA presented the PPI as consistent with the tachycardia cycle length ( Figure 2D ). The PMAT was finally confirmed by the termination of AT by radiofrequency application of the mitral annulus side on the mitral isthmus line (Supplemental Figure 1) . The bidirectional conduction block was confirmed by a classical pacing maneuver. No atrial arrhythmia was induced by the atrial burst pacing with isoproterenol administration. After a follow-up of 24 months, the patient has remained free from any atrial tachyarrhythmia recurrence, without antiarrhythmic medication.
Discussion
This report describes a patient presenting with complex AT after multiple catheter ablations of persistent AF. This tachycardia demonstrated the same activation sequence between the anterior LA and CS, which can simply exclude PMAT. However, high-density mapping and entrainment analysis in the LA revealed the mechanism of AT as PMAT. In patients who had undergone prior ablation in the LA, detailed high-density activation mapping should be performed to evaluate and treat the tachycardia.
PMAT has been demonstrated as the most common macroreentrant AT in patients with persistent AF who have undergone catheter ablation. It could usually be diagnosed by a classical mapping method including activation mapping and entrainment analysis at the remote sites around the mitral annulus. 4 The activation sequence of the CS is useful in the diagnosis of AT. PMAT should be considered as the mechanism of AT in patients with 1-direction activation sequence of the CS. Furthermore, activation in the anterior LA is in the vice-versa direction to the CS, which indicates a propagation pattern circulating around the mitral annulus. Thus, PMAT could usually be excluded in patients with the same activation direction in the anterior LA and CS. In the present case, dissociation of the activation sequence in the CS was possibly because of CS ablation during the prior ablation of AF. CS ablation has been described as one of the therapeutic strategies for persistent AF. 5 CS ablation aiming at disconnection of the fiber between the CS and LA resulted in prolongation of the cycle length of AF. 5 The partial disconnection of the distal CS by prior CS ablation resulted in the septal-to-lateral activation sequence even during PMAT with clockwise direction. PMAT could develop in patients with partial disconnection of CS, as in this case. To diagnose the AT mechanism, entrainment analysis has been performed as the confirmation of the circuit of macroreentrant tachycardia, and the CS has been used in place of the posterior LA for electrophysiological study including entrainment analysis. However, the CS could not be used substantially because of elimination of electrical conduction between the CS and atrium in patients undergoing CS ablation. In the The entrainment analysis at the middle of the coronary sinus (CS) by pacing from CS 5 to CS 6. The PPI at CS 5-6 was 290 ms. C: The entrainment analysis at the proximal part of the CS (CS 9-10). The PPI at CS 9-10 was longer than the tachycardia cycle length (270 ms). D: The entrainment analysis in the posterior left atrium demonstrated that the PPI at this site was consistent with the tachycardia cycle length. MAP 5 mapping catheter; other abbreviations are the same as in Figure 1. present case, the CS was connected to the LA only in the proximal portion. Interestingly, the entrainment analysis within the CS demonstrated that the PPI in the middle part of the CS (CS 5-6) was longer than that of the CS proximal part (CS 9-10) by 20 ms (Figure 2B and C) . The prolongation of PPI at the distal part of the CS indicated that the proximal part of the CS is closer to the tachycardia circuit compared to the distal part, suggesting the partial connection between the CS and LA in the proximal lesion. In addition, following restoration of sinus rhythm by mitral isthmus ablation, standard pacing maneuver by pacing CS distal and proximal confirmed the establishment of bidirectional conduction block of the mitral isthmus. During the pacing, there was no double potential and no dissociated activity on the CS catheter. In the present case, the CS was not totally isolated from the atrium.
The previous study reported that AT developed in approximately 50% of patients with persistent AF who had undergone catheter ablation involving extensive ablation in the atria, in addition to PV isolation. 6 Additionally, mitral isthmus linear ablation in patients with persistent AF facilitated the development of PMAT. 7 In the present case, mitral isthmus ablation had been performed in the initial procedure to modify the AF substrate. PMAT developed despite the establishment of a bidirectional conduction block through the mitral isthmus line. Reconduction of the mitral isthmus line has been demonstrated in 44%-73% of patients who had undergone mitral isthmus ablation. 8, 9 To prevent reconnection of the mitral isthmus line, facilitating the development of the PMAT, the bidirectional conduction block should be established in patients who have undergone this linear ablation.
